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©  An  integrated  circuit  bipolar  transistor  is  de- 
scribed  wherein  the  relative  semiconductor  electrode 
areas  are  established  by  an  electrode  pedestal  that 
includes  a  base  contact  positioning  feature  and  wir- 
ing  constraints  are  relaxed  by  a  base  pedestal  that 
facilitates  the  positioning  of  contact  wiring  that  is 
independent  ofcontact  location.  A  heterojunction  bi- 
polar  transistor  having  a  base  area  less  than  twice  as 
large  as  the  emitter  area  is  described.  There  is  a 
substrate  (1)  on  which  is  provided  an  n  type  collec- 
tor  region  (2)  surrounded  by  an  isolation  region  (3). 
On  the  collector  (2)  there  is  provided  a  base  pedes- 
tal  (4)  having  an  isolation  region  (5)  bounding  an  n 

^ type   region  (6)  and  p  type  intrinsic  base  region  (7) 
^and   an  electrode  pedestal  (8)  containing  an  n  type 

portion  of  the  emitter  (9)  and  an  n  +  emitter  contact- 
Qing  portion  (10).  Insulation  region  (11)  supports  glo- 
^-bal  device  interconnecting  wiring  (12,  13,  14)  for 
^emitter,  base  and  collector,  respectively.  The  two 

pedestal  structure  permits  separation  of  the  said 
CO  global  wiring  even  though  the  base  contact  (15)  and 
Qthe  p+  extrinsic  base  region  (16)  is  positioned  in 

close  physical  proximity  of  the  emitter  (9).  The  verti- 
O-cal  differentiation  (17)  provides  reduced  constraints 
^   informing  the  isolation  region  (3)  through  reduced 

thickness.  The  reduced  thickness  also  facilitates  the 

collector  contact  reach-through  (18). 

Xerox  Copy  Centre 
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IIPOLAR  TRANSISTOR  INTEGRATED  CIRCUIT  TECHNULUtiY 

The  invention  is  directed  to  the  structure  and 
abrication  of  bipolar  transistors  in  integrated  cir- 
:uits. 

Integrated  circuits  typically  consist  of  thou- 
;ands  of  transistors  which  are  built  into  and  inter- 
:onnected  on  large  substrates.  In  their  fabrication, 
:onsisting  of  many  operations,  cumulative  struc- 
ural  and  locational  tolerances  limit  precision  and 
esult  in  some  loss  of  electrical  performance  of  the 
ransistors.  This  is  particularly  true  in  the  case  of 
jipolar  transistors  where,  for  example,  the  collector 
slectrode  is  in  the  substrate  crystal,  the  base  and 
emitter  electrodesbeing  epitaxially  arranged  above 
t.  In  such  a  structure,  one  must  consider  not  only 
ithographic  limitations  in  positioning  but  also  as  to 
low  relative  areas  of  electrodes  affect  device  pa- 
ameters. 

In  the  prior  art,  some  consideration  has  been 
given  to  the  relative  size  of  the  base,  which,  in  turn, 
jirectly  affects  base-to-collector  capacitance.  The 
deal  relative  sizes  would  be  that  the  base-to-col- 
ector  area  be  the  same  as  the  base-to-emitter 
area. 

In  U.S.  Patent  4,380,774,  the  collector  is  im- 
Dlanted  with  ions  so  there  remains  only  an  active 
-egion  that  coincides  with  the  emitter  area. 

In  U.S.  Patent  4,428,1  11,  there  is  grown  a  base 
and  emitter  on  a  collector  region,  the  base  being 
i/ery  thin.  Side  layers  of  the  same  conductivity  as 
the  base  serve  as  contacts  and  control  relative 
areas. 

In  U.S.  Patent  4,593,305,  control  is  achieved  by 
control  of  doping  adjacent  to  the  junctions. 

In  Asbeck  et  al,  IEEE  Electron  Device  Letters 
Vol.  EDL-5,  No.  8,  Aug.  1984,  p.  310,  02  is  im- 
planted  under  the  extrinsic  base  to  keep  the  base 
area  to  the  emitter  size. 

Summary  of  the  Invention 

The  invention  provides  an  integrated  bipolar 
transistor  wherein  the  area  of  the  base  region  is 
made  extremely  small,  being  less  than  twice  the 
area  of  the  emitter.  A  device  construction  involving 
two  pedestals  is  employed  wherein  one  pedestal 
establishes  base  size  and  the  other  pedestal  estab- 
lishes  external  base  connection  location  to  facilitate 
global  wiring.  The  invention  is  particularly  advanta- 
geous  in  bipolar  heterojunction  transistor  technol- 
ogy- 

Brief  Description  of  the  Drawings 

FIG.  1  is  a  cross  sectional  scnemanc  view  or 
the  novel  structure  along  with  processing  princi- 

5  pies. 
FIG.  2  is  a  plan  view  of  the  same  structure. 
FIG.  3  is  a  plan  view  illustrating  the  inter- 

relationship  of  electrode  and  wiring  dimensions  in 
bipolar  transistor  integrated  circuits  of  the  prior  art. 

o  FIGS.  4  through  13  illustrate  intermediate 
steps  in  the  application  of  the  principles  of  the 
invention  to  the  fabrication  of  a  heterojunction  bi- 
polar  transistor  integrated  circuit  wherein: 

FIG.  4  is  a  multilayer  substrate  with  an  elec- 
5  trade  pedestal  thereon; 

FIG.  5  is  the  structure  of  FIG.  4  with  a 
temporarily  formed  material  surrounding  the  pedes- 
tal; 

FIG.  6  is  the  structure  of  FIG.  5  after  area 
»o  reduction  of  the  electrode  pedestal  with  base  elec- 

trode  spacing  overhang; 
F!G.  7  is  the  structure  of  FIG.  6  with  the 

electrode  pedestal  area  reduction  protected  with  a 
material  resistant  to  an  erosion  operation  exercised 

?5  on  the  material  applied  at  the  stage  of  FIG.  5; 
FIG.  8  is  the  structure  of  FIG.  7  wherein 

isolation  is  provided  adjacent  the  electrode  pedes- 
tal; 

FIG.  9  is  the  structure  of  FIG.  8  wherein  the 
30  isolation  is  eroded  to  provide  access  to  a  buried 

layer; 
FIG.  10  is  the  structure  of  FIG.  9  with  metal 

contacts  to  the  base; 
FIG.  11  is  the  structure  of  FIG.  10  with 

35  conformal  insulation  and  planarization  coatings; 
FIG.  12  is  the  structure  of  FIG.  11  with  the 

coatings  partially  removed  to  expose  the  pedestal 
electrode;  and 

FIG.  13  is  the  structure  of  FIG.  12  wherein 
40  contact  openings  have  been  placed  in  the  insula- 

tion  coatings  and  metallization  has  taken  place. 
The  invention  provides  an  integrated  circuit  bi- 

polar  transistor  wherein  the  area  of  the  base  region 
is  realized  to  be  extremely  small,  being  less  than 

45  twice  the  area  of  the  emitter. 
The  relative  areas  are  established  by  a  first  or 

electrode  pedestal  that  includes  a  base  contact 
positioning  feature  and  device  interconnection  or 
global  wiring  constraints  are  relaxed  by  a  second 

so  or  base  pedestal  that  facilitates  the  positioning  of 
the  global  wiring. 

Referring  to  FIG.  1  there  is  depicted  a  cross 
sectional  view  of  a  bipolar  transistor  illustrating  the 
principles  of  the  invention.  Using  for  clarity  an 
arbitrary  n  and  p  conductivity  type  assignment, 
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there  is  a  substrate  1  on  which  is  provided  an  n 
type  collector  region  2  surrounded  by  isolation  3. 
On  the  collector  2  there  is  provided  a  base  pedes- 
tal  4  having  an  isolation  region  5  bounding  an  n 
type  region  6  and  p  type  intrinsic  base  region  7 
and  an  electrode  pedestal  8  containing  an  n  type 
portion  of  the  emitter  9  and  an  n  +  emitter  contact- 
ing  portion  10.  Insulation  11  supports  global  device 
interconnecting  wiring  12,  13  and  14  for  emitter, 
base  and  collector,  respectively.  The  two  pedestal 
structure  permits  separation  of  the  global  wiring  12, 
13  and  14  even  though  the  base  contact  15  and 
the  p+  extrinsic  base  region  16  is  positioned  in 
close  physical  proximity  of  the  emitter  9. 

The  vertical  differentiation  at  17  provides  re- 
duced  constraints  in  forming  the  isolation  3  through 
reduced  thickness.  The  reduced  thickness  also  fa- 
cilitates  the  collector  contact  18  reach-through. 

The  invention  is  shown  in  a  plan  view  in  FIG.  2 
which  is  dimensionaily  correlated  with  FIG.  1  using 
the  same  reference  numerals.  The  figure  depicts 
the  global  wiring  12,  13  and  14  which  is  separated 
relatively  widely  in  accordance  with  the  constraints 
of  lithographic  capability,  while  the  base  contact  15 
and  p+  region  16  are  located  very  close  to  the 
emitter  area  of  pedestal  8. 

The  structure  and  process  of  the  invention  pro- 
vides  transistors  with  the  smallest  possible  base 
area.  Typically,  this  base  area  and  therefore  the 
collector  base  capacitance  will  be  one-third  that  in 
a  conventional  transistor,  this  resulting  in  an  appre- 
ciable  improvement  in  the  transistor  performance. 
An  illustration  of  this  is  shown  in  FIG.  3,  in  connec- 
tion  with  the  prior  art.  It  is  well  known  in  the  art  that 
the  base  collector  capacitance  has  a  strong  influ- 
ence  on  the  switching  performance  of  a  bipolar 
transistor.  As  illustrated  in  FIG.  3,  in  transistor 
structures  of  the  prior  art,  the  base  surrounding  the 
emitter  occupies  an  appreciable  area.  This  sur- 
rounding  area  arises  out  of  a  number  of  consider- 
ations,  a  main  one  being  the  necessity  of  allowance 
for  various  lithography  tolerances. 

Referring  to  FIG.  3,  the  overall  base  area  is 
labeled  20  and  the  emitter  are  is  labeled  21,  the 
base  contact  is  labeled  22  and  the  global  base 
connection  is  labeled  23  whereas  the  emitter  global 
connection  is  labeled  24.  In  this  type  of  prior  art 
construction,  dimensions  X,  Y,  Z,  V  and  U  were  for 
all  practical  purposes  area  losses  governed  primar- 
ily  by  lithography  limitations.  The  dimension  X  is 
the  overlap  of  the  base  window  edge  relative  to  the 
emitter  edge  to  allow  for  edge  to  edge  misregistra- 
tion.  The  dimension  Y  is  the  overlap  of  the  global 
metal  for  the  emitter  relative  to  the  emitter  edge 
which  is  necessary  for  reliability  reasons.  The  di- 
mension  Z  is  the  space  between  global  metals  for 
base  and  emitter  connections.  The  dimension  V  is 
the  width  necessary  for  contact  between  the  global 

metal  and  the  connection  to  the  base  and  the 
dimension  U  is  the  overlap  of  the  base  window 
edge  relative  to  the  base  contact  metal  to  prevent 
the  contact  metal  from  shorting  to  regions  outside 

5  the  base. 
Under  these  prior  art  conditions,  the  base  area, 

A,  would  follow  the  expression  shown  in  Equation 
1. 
Equation  1  A  =  (LE  +  2X)  x  (U  +  V  +  Z  +  Y  + 

io  X  +  WE) 
where  LE  and  WE  are  emitter  length  and  width, 
respectively.  As  a  practical  example,  assuming  the 
value  of  U,  V,  X,  Y  and  Z  to  be  0.6,  0.9,  0.6,  0.6 
and  1  .5  -  1  .8  microns,  respectively,  for  a  typical  3  x 

15  1.5  micron  squared  emitter,  the  total  base  area 
would  be  of  the  order  of  25.2  microns  for  a  Z  value 
of  1  .8  microns. 

In  contrast,  in  accordance  with  the  invention, 
while  the  intrinsic  base  occupies  an  area  equal  to 

20  that  of  the  emitter,  the  length  of  the  extrinsic  base 
area  is  equal  to  the  length  of  the  emitter,  and  the 
width  of  the  extrinsic  base  area  is  the  amount 
necessary  for  contact  with  the  p  contact  metal,  viz. 
typically  about  nine-tenths  of  a  micron.  The  result 

25  is  that  the  base  area  is  typically  about  7.7  square 
microns.  In  accordance  with  the  principles  of  the 
invention,  the  invention  will  be  described  with  the 
help  of  FIGS.  4-13  in  connection  with  a  heterojunc- 
tion  bipolar  transistor  (HBT)  wherein  specific  con- 

30  ductivity  types  and  particular  compound  semicon- 
ductor  materials  will  be  employed.  However,  in  the 
light  of  the  principles  of  the  invention,  many  sub- 
stitutions  will  occur  to  one  skilled  in  the  art. 

The  process  described  using  FIGS.  4-13  pro- 
35  duces  heterojunction  bipolar  transistors  which  have 

the  smallest  10  possible  base  area.  Compared  to  a 
conventional  transistor,  the  process  of  this  inven- 
tion  enables  the  base  area  to  be  shrunk  to  about  a 
third,  for  a  given  emitter  size,  and  the  collector- 

40  base  capacitance  diminishes  by  the  same  factor. 
Employing  the  process  of  the  invention  the 

large  reduction  in  base  area  is  attained  through 
.  triple  self-alignment  of  the  base  edges  with  respect 

to  the  emitter  edges.  Placement  of  the  base  con- 
45  tact  metal  is  only  two-tenths  of  a  micron  away  from 

one  of  the  four  edges  of  the  emitter  and  self- 
aligned  placement  of  an  isolation  region  outside  the 
base  area  on  all  four  sides  of  the  device  removes 
the  constraint  of  dimension  U  identified  in  FIG.  3.  In 

so  other  words,  the  base  contact  metal  can  extend 
beyond  the  base  area  as  much  as  necessary  in 
order  to  provide  a  connection  to  the  global  base 
metal  without  creating  base  to  collector  short  cir- 
cuits. 

55  Referring  to  FIG.  4,  a  conventional  starting 
structure  is  provided  on  a  wafer  30  consisting  of  a 
monocrystalline  compound  semiconductor  such  as 
GaAs.  The  wafer  30  consists  of  a  layer  31  of,  for 

3 
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sxample,  N+  GaAs,  a  layer  34  of  N  AIGaAs,  a 
ayer  33  of  P  GaAs,  a  layer  34  of  N  AIGaAs  and 
inally  a  layer  35  of  N+  GaAs  grown  sequentially 
ising  the  technique  of  metal  organic  chemical  va- 
>or  deposition  (MOCVD)  or  molecular  beam  epi- 
axy  (MBE),  as  a  standard  in  the  art.  Using  the 
echnique  of  chemical  vapor  deposition  (CVD),  a 
ayer  36  of  SixNy  followed  by  a  layer  of  poiysiiicon 
!7  is  then  provided  over  the  layer  35. 

Through  the  sue  of  lithography  and  etching, 
ayers  37.  36.  35  and  34  are  removed  beyond  the 
;dges  38  and  39  so  that  a  first  or  electrode  pedes- 
al  is  created. 

This  pedestal  establishes  the  area  of  the  emit- 
er. 

While  the  FIGS.  4-13  are  shown  in  cross  sec- 
ion  as  is  conventional  in  the  art,  it  will  be  apparent 
o  one  skilled  in  the  art  that  the  cross  sectional 
structure  of  the  pedestal  also  has  a  third  dimen- 
sion. 

Using  for  example  chemical  vapor  deposition,  a 
informal  layer  of  SiOx  40  in  FIG.  5,  is  deposited 
surrounding  the  pedestal  which  was  made  up  of 
ayers  34-37.  This  is  followed  by  a  planarizmg 
;oating  of  polyimide.  An  etch  back  technique,  us- 
ng,  for  example  CF4  reactive  ion  etching  (which 
atches  SiOx  and  polyimide  or  resist  at  practically 
the  same  rate),  or  ion  milling  which  also  removes 
the  two  materials  at  the  same  rate,  is  applied  next. 
The  structure  of  FIG.  5  is  produced  where  the  etch 
back  is  stopped  when  the  top  surface  of  layer  37  is 
lust  exposed. 

Referring  to  FIG.  6,  an  opening  41  follows  the 
face  39  and  removes  from  the  first  pedestal  all  the 
material  leaving  the  area  42  which  will  equal  the 
size  of  the  emitter  of  the  device  being  manufac- 
tured.  This  is  done  as  follows: 

An  oversized  photoresist  mask,  not  shown,  is 
applied  over  the  surface  of  the  structure  of  FIG.  5 
such  that  the  portion  (between  39  and  43  of  FIG.  6) 
of  the  first  pedestal,  that  is  to  be  removed,  is 
exposed.  The  layer  37  of  poiysiiicon  is  first  etched 
away  using,  for  example,  an  SF6/C12  reactive  ion 
etch  which  has  a  very  low  etch  rate  for  silicon 
oxide. 

Following  this  and  using  the  same  mask,  the 
silicon  nitride  layer  36  is  then  etched  away  by 
changing  the  reactive  ion  etch  to,  for  example, 
CF4.  This  etch  removes  a  portion  of  the  exposed 
silicon  oxide  40  in  the  area  44  but  this  is  of  no 
particular  consequence  since  the  silicon  oxide  40 
substantially  remains  in  place  because  of  its  thick- 
ness. 

Retaining  the  same  photoresist  mask,  the  n  + 
layer  35  of  GaAs  is  then  etched  away  using,  for 
example,  CC12F2  +  He  as  a  reactive  ion  etch, 
followed  by  an  isotropic  plasma  etch,  with  the 
same  etchant,  so  as  to  create  an,  about  0.2  micron 

wide,  undercut  45.  The  etching  ot  tne  opening  4i  is 
continued  to  remove  layer  34  using,  for  example, 
wet  etching  or  plasma  etching.  Through  the  open- 
ing  41,  implantation  of,  for  example,  magnesium 

5  ions  is  next  performed  so  as  to  produce  the  extrin- 
sic  base  P+  region  46  in  the  layer  33,  preferable 
extending  slightly  below  into  layer  32. 

Conductivity  type  and  material  labeling  des- 
ignations  have  been  included  in  the  figures  to  as- 

o  sist  in  correlating  the  explanation  of  the  device 
being  manufactured. 

In  the  activation  of  the  dopant  in  the  region  46 
capless  AsH3  annealing,  or  annealing  following  va- 
por  deposition  of  a  thin,  about  500  Angstroms, 

-5  silicon  nitride,  cap  on  the  surface  of  the  wafer  may 
be  performed.  Where  the  thin  cap  is  used,  it  is 
removed  after  annealing  using,  for  example,  CF4 
plasma  etching. 

A  coating  of  planarizing  polyimide  or  resist  is 
10  applied  next.  It  is  subjected  to  an  O2  etch  back  so 

as  to  provide  the  structure  depicted  in  FIG.  7, 
where  the  region  49  of  polyimide  or  resist  is  filling 
the  opening  41  and  the  area  42  on  the  poiysiiicon 
is  exposed. 

35  Referring  next  to  FIG.  8,  the  silicon  oxide  40  of 
FIG.  7  and  earlier  is  removed  using,  for  an  exam- 
ple,  buffered  HF  wet  etching.  This  is  followed  by  an 
implantation  of  ions  such  as  boron,  hydrogen  or 
oxygen,  which  form  isolation  regions  50  using  as 

30  boundaries  the  interface  38  and  the  interface  51  of 
the  polyimide  or  resist  49. 

At  this  point,  the  first  pedestal  of  the  invention 
is  complete  which  provides  the  emitter  area  34. 

Referring  next  to  FIG.  9,  the  polyimide  or  resist 
35  49  is  removed,  and  then  by  lithography  and  etch- 

ing,  portions  of  the  isolation  50  is  etched  down  so 
as  to  expose  the  layer  31.  Isolation  regions  52 
which  define  the  subcollector  boundary  are  next 
formed  through  ion  implantation  of  boron,  hydrogen 

40  or  oxygen. 
Referring  next  to  F!G.  10,  employing  the  stan- 

dard  liftoff  technique  well  known  in  the  art,  a  metal 
system,  such  as  gold/manganese,  is  evaporated  to 
serve  as  the  contact  53  to  the  extrinsic  portion  46 

45  of  the  base.  In  the  standard  liftoff  technique  in  the 
art,  some  of  the  metal  evaporated  during  formation 
of  contact  53  will  fall  above  layer  37  as  element  54 
and  the  contact  will  thus  be  delineated  at  its  edge 
by  the  ledge  45  built-in  in  accordance  with  FIG.  6. 

50  Referring  next  to  FIG.  11,  employing  a  tech- 
nique  such  as  chemical  vapor  deposition,  a  layer  of 
insulating  SixNy  or  SiOx  55  is  placed  over  the 
structure  fabricated  thus  far.  Over  the  insulating 
layer  55,  a  planarizing  layer  56  of  polyimide  or 

55  resist  is  applied. 
Referring  next  to  FIG.  12,  employing  the  etch- 

back  technique  which  is  standard  in  the  art,  the 
polyimide  layer  56  and  SixNy  or  SiOx  layer  55  are 

4 
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etched  back  at  practically  the  same  etch  rate  us- 
ing,  for  example,  CF4  reactive  ion  etching,  until  the 
metal  layer  54  of  FIG.  11  becomes  exposed.  The 
technique  of  ion  milling  is  next  employed  to  re- 
move  the  metal  54.  Thereafter,  the  poiysiiicon  layer 
37  and  the  silicon  nitride  layer  36  may  be  removed 
by  suing  CF4  reactive  ion  etching. 

Referring  next  to  FIG.  13,  the  device  is  com- 
pleted  using  lithography  to  etch  contact  holes  57 
and  58  through  the  insulating  layer  55  for  the  base 
contact  and  for  the  collector  contact. 

Through  the  technique  of  lift-off  well  known  in 
the  art,  n  contract  metal  59  and  60  is  applied  to  the 
emitter  and  the  collector,  respectively.  Finally, 
through  lithography  and  the  technique  of  lift-off  and 
standard  deposition,  the  patterns  for  the  global 
wiring  61,  62  and  63  for  the  emitter,  base  and 
collector,  respectively,  are  laid  down. 

In  the  structure  of  FIG.  13,  the  extrinsic  base 
contact  metal  53  is  positioned  extremely  close  to 
the  emitter  as  governed  by  the  overhand  technique 
described  in  connection  with  FIG.  6. 

The  first  or  electrode  pedestal  thus  governs  the 
size  of  the  base  and  the  spacing  of  the  base 
contact.  The  second  or  base  pedestal  bounded  by 
involving  element  50  operates  to  provide  support 
for  element  53  when  extended  to  permit  the  move- 
ment  of  the  global  metal  62. 

Best  Mode  of  Carrying  out  the  Invention 

The  structure  of  FIG.  13  wherein  the  substrate 
would  be  GaAs,  the  collector  layer  would  be  N 
GaAs  approximately  5,000  Angstroms  in  thickness, 
the  collector  layer  32  would  be  one  of  either  N 
GaAs  or  N  AIGaAs  or  about  4,000  Angstroms  in 
thickness.  The  base  layer  33  would  be  P  GaAs 
approximately  1,000  Angstroms  thick.  The  emitter 
layer  34  would  be  N  AIGaAs  about  1,500  Ang- 
stroms  thick  and  the  emitter  layer  35  would  be  N  + 
GaAs  about  1,500  Angstroms  thick.  The  base  con- 
tact  metal  would  be  gold/manganese  and  the  con- 
tact  metal  for  the  emitter  and  the  collector  would 
be  gold/germanium/nickel.  The  global  interconnec- 
tion  metal  would  be  aluminum  with  a  suitable  bar- 
rier  metal  layer  such  as  TiW. 

In  the  structure  of  FIG.  13,  the  first  pedestal 
provided  an  emitter  region  typically  3.0  microns  by 
1.5  microns.  The  base  region,  including  the  extrin- 
sic  region  46,  would  be  typically  about  8  microns. 

What  has  been  described  is  a  structure  and  a 
technique  of  fabrication  of  a  bipolar  transistor 
wherein  the  area  of  the  base  region  is  extremely 
small,  being  equal  to  less  than  twice  the  area  of  the 
emitter  wherein  a  first  pedestal  is  formed  that  both 
establishes  a  minimal  intrinsic  base  size  with  re- 

spect  to  the  emitter  size  and  facilitates  the  position- 
ing  of  the  base  contact  metal  on  an  extrinsic  por- 
tion  of  the  base  in  close  proximity  to  the  emitter 
and  a  second  pedestal  which  provides  support  for 

5  extending  the  base  contact  metal  to  facilitate  posi- 
tioning  of  global  interconnection  metals. 

Claims 
10 

1  .  A  bipolar  transistor  of  the  type  wherein  in  a 
monocrystalline  semiconductor  body  input  and  out- 
put  electrode  layers  are  separated  by  a  base  layer 
in  superpositioned  relationship,  the  improvement 

is  combination  comprising: 
a  subpositioned  high  conductivity  first  electrode 
contact  layer  having 
a  lateral  extended  contacting  portion  and  surround- 
ed  by  a  first  isolating  material  member, 

20  a  base  pedestal  member  located  within  said  first 
isolating  material  member  and  superpositioned  on 
said  subpositioned  contact  layer  comprising: 
a  first  electrode  layer  epitaxial  with  said  sub- 
positioned  contrast  layer  and 

25  a  base  layer  epitaxial  with  said  first  electrode  layer 
and  being  coextensive  with  said  first  electrode  lay- 
er, 
said  base  layer  having  a  first  intrinsic  portion  of 
normal  conductivity  extending  from  the  dimension 

30  located  proximate  said  lateral  extended  contacting 
portion  of  said  high  conductivity  first  electrode  con- 
tact  layer  to  a  second  extrinsic  portion  of  high 
conductivity  at  an  interface, 
said  first  electrode  layer  and  said  base  layer  being 

35  surrounded  by  a  second  isolating  material  member, 
a  high  conductivity  contacting  member  connected 
to  said  second  "extrinsic  portion  of  said  base  layer 
and  extending  over  a  portion  of  said  second  isolat- 
ing  material  member, 

40  an  electrode  pedestal  member  comprising  at  least 
one  layer  of  a  second  electrode  superposed  on 
and  epitaxial  with  said  base  layer  having  common 
dimensions  therewith  to  a  location  adjacent  but 
separated  from  said  interface  with  said  second 

45  extrinsic  portion  of  said  base  layer, 
an  insulating  layer  over  said  transistor, 
contacting  means  extending  through  said  insulating 
layer  to  said  lateral  extended  portion  of  said  first 
electrode  contacting  layer,  said  high  conductivity 

50  contacting  member  connected  to  said  extrinsic  por- 
tion  of  said  base  layer  and  said  second  electrode 
layer,  and 
a  global  wiring  member  for  each  of  said  first  and 
second  and  said  base  electrodes  positioned  on 

55  said  insulating  layer  and  connected  to  each  said 
connecting  means. 

2.  The  transistor  of  claim  1  wherein  said  sec- 
ond  electrode  is  the  emitter  electrode  of  said  tran- 
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istor. 
3.  The  transistor  of  claim  2  wherein  said  con- 

acting  means  to  said  second  electrode  is  a  high 
onductivity  semiconductor  layer  epitaxial  with  said 
econd  electrode  layer  and  covered  with  a  metal. 

4.  The  transistor  of  claim  wherein  said  semi- 
onductor  body  is  of  compound  type  semiconduc- 
Dr  material. 

5.  The  transistor  of  claim  4  wherein  said  sec- 
md  electrode  is  the  emitter  electrode  of  said  tran- 
istor. 

6.  The  transistor  of  claim  5  wherein  said  con- 
acting  means  to  said  second  electrode  is  a  high 
:onductivity  semiconductor  layer  epitaxial  with  said 
;econd  electrode  layer  and  covered  with  a  metal. 

7.  The  transistor  of  claim  6  wherein 
;aid  first  electrode  contact  layer  is  N  +  GaAs, 
;aid  first  electrode  layer  is  an  N  conductivity  type 
nember  taken  from  the  group  of  GaAs  and  Al- 
3aAs. 
■aid  base  layer  is  P  GaAs, 
;aid  second  electrode  layer  is  N  AIGaAs,  and 
>aid  second  electrode  contacting  layer  is  GaAs. 

8.  A  heterojunction  bipolar  transistor  (HBT) 
laving  an  extremely  small  base  area  comprising: 
i  first  conductivity  type  collector  positioned  epitax- 
ally  on  a  like  conductivity  type  subcollector; 
a  second  opposite  conductivity  type  base  region 
;omposed  of  extrinsic  and  intrinsic  base  portions 
Dositioned  epitaxially  on  said  collector; 
a  first  conductivity  type  emitter  positioned  epitax- 
ally  on  the  intrinsic  portion  of  said  base  region; 
a  self-aligned  isolation  region  positioned  in  sur- 
-ounding  relationship  to  said  base  region  on  said 
subcollector:  and 
a  self-aligned  base  contact  of  said  second  opposite 
;onductivity  type  positioned  at  a  predetermined 
lateral  distance  from  said  emitter  and  extending 
beyond  said  extrinsic  portion  of  said  base  region 
onto  said  isolation  region. 

9.  The  heterojunction  bipolar  transistor  of  claim 
8  wherein  said  first  conductivity  type  is  N,  said 
second  opposite  conductivity  type  is  P,  said  collec- 
tor  is  a  material  taken  from  the  group  of  GaAs  and 
AIGaAs.  said  base  region  is  GaAs  and  said  emitter 
is  AIGaAs. 

10.  In  the  fabrication  of  a  bipolar  transistor  of 
the  type  wherein  in  a  monocrystalline  semiconduc- 
tor  body  having  at  least  a  buried  electrode  contact- 
ing  layer,  a  first  electrode  layer,  a  base  layer  and  a 
second  electrode  layer,  respectively,  in  superposed 
epitaxial  relationship, 
the  method  comprising: 
forming  a  base  area  controlling  pedestal  by 
removing  first  a  portion  of  said  layers  at  least 
through  said  second  electrode  layer  exposing 
thereby  said  base  layer  and  leaving  remaining  an 
area  equal  to  the  combined  intrinsic  and  extrinsic 

base  region  aesignea  ror  me  cransisror  using  iau- 
ncated, 
removing  second  a  further  portion  of  said  remain- 
ing  area  of  said  portion  of  said  layers  at  least 

;  through  said  second  electrode  layer,  said  further 
portion  leaving  remaining  the  designed  second 
electrode  area  of  the  transistor  being  fabricated, 
exposing  thereby  the  portion  of  said  base  electrode 
to  be  the  extrinsic  base, 

o  said  second  removal  step  including  means  for  lo- 
cating  the  extrinsic  to  intrinsic  base  interface,  and 
converting  said  extrinsic  portion  of  said  base  to 
high  conductivity, 
forming  a  wiring  accommodation  pedestal  by 

5  removing  said  base  and  said  first  electrode  layers 
down  to  said  electrode  contacting  layer  in  the  area 
outside  the  combined  area  of  said  intrinsic  and  said 
extrinsic  base  regions, 
surrounding  said  superposed  base  layer  and  said 

!0  first  electrode  layer  combination  with  an  isolating 
material  member, 
providing  a  high  conductivity  base  connection  to 
said  extrinsic  portion  of  said  base  in  a  location 
extending  over  a  portion  of  said  isolating  material 

?5  member, 
providing  insulation  over  the  transistor  structure, 
and 
providing  a  global  wiring  member  for  each  of  said 
first,  said  second  and  said  base  electrodes  posi- 

30  tioned  on  and  having  a  connection  through  said 
insulation. 

1  1  .  The  process  of  fabricating  a  bipolar  transis- 
tor  of  the  type  wherein  in  a  monocrystalline  semi- 
conductor  body  having  at  least  a  buried  electrode 

35  contacting  layer,  a  first  electrode  layer,  a  base 
layer  and  a  second  electrode  layer,  respectively,  in 
superposed  epitaxial  relationship, 
comprising  the  steps  of 
forming  an  area  controlling  pedestal  by 

40  removing  first,  a  portion  of  said  layers  at  least 
through  said  second  electrode  layer  exposing 
thereby  said  base  layer  and  leaving  remaining  an 
area  equal  to  the  combined  intrinsic  and  extrinsic 
base  region  designed  for  the  transistor  being  fab- 

45  ricated, 
covering  the  exposed  surface  of  said  base  layer 
with  a  first  resist  material, 
removing  second,  a  further  portion  of  said  remain- 
ing  area  of  said  portion  of  said  layers  at  least 

50  through  said  second  electrode  layer,  said  further 
portion  leaving  remaining  the  designed  second 
electrode  area  of  the  transistor  being  fabricated, 
exposing  thereby  the  portion  of  said  base  electrode 
to  be  the  extrinsic  base, 

55  said  second  removal  step  including  means  for  lo- 
cating  the  extrinsic  to  intrinsic  base  interface,  con- 
verting  said  extrinsic  portion  of  said  base  to  high 
conductivity, 
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forming  a  base  contact  pedestal  by 
covering  said  exposed  surface  of  said  extrinsic 
portion  of  said  base  with  a  second  resist  material, 
removing  said  first  resist  material 
converting  the  exposed  portion  of  said  base  layer 
into  an  isolation  region, 
removing  peripheral  portions  of  said  base  and  said 
first  electrode  layers  down  to  said  buried  electrode 
contacting  layer  in  the  area  outside  the  combined 
area  of  said  intrinsic  and  said  extrinsic  base  re- 
gions, 
converting  an  annulus  surrounding  said  exposed 
portion  of  said  buried  electrode  contacting  layer 
into  an  isolating  region, 
evaporating  metal  through  a  mask  to  provide  a 
metal  connection  to  said  extrinsic  portion  of  said 
base  in  a  location  extending  over  a  portion  of  said 
isolating  region, 
providing  insulation  over  the  structure, 
providing  a  planarizing  material  over  said  insula- 
tion, 
etching  said  planarizing  material  and  said  insulation 
to  expose  the  surface  of  said  second  electrode 
layer, 
providing  a  metal  connection  to  each  of  said  first, 
said  second  and  said  base  electrodes  through  vias 
in  said  insulation,  and 
providing  global  wiring  connections  to  each  said 
metal  electrode  connections. 

12.  The  process  of  claim  11  wherein  said  con- 
verting  step  employs  ion  implantation. 

13.  The  process  of  claim  12  wherein  said  first 
resist  material  is  silicon  oxide. 

14.  The  process  of  claim  13  wherein  said  sec- 
ond  resist  material  is  a  plastic  material. 

15.  A  method  for  forming  a  heterojunction  bi- 
polar  transistor  comprising: 
providing  a  GaAs  substrate  having  superposed 
thereon  epitaxial  layers  of  N  +  GaAs,  N  type  of  the 
group  of  FaAs  and  AIGaAs  and  P  type  GaAs, 
respectively,  said  layers  masked  in  part  by  a  stack 
composed  of  superposed  layers  of  N  AIGaAs,  N 
GaAs,  insulator  and  poiysiiicon  layers,  respectively, 
said  stack  having  substantially  vertical  surfaces  and 
an  area  equal  to  the  area  of  the  emitter  of  said 
transistor; 
forming  a  first  resist  material  surrounding  said 
stack  and  substantially  coplanar  therewith; 
forming  a  mask  in  correspondence  with  the  desired 
region  of  the  extrinsic  base  of  said  transistor; 
etching  said  stack  not  covered  by  said  mask  to 
expose  the  desired  extrinsic  base  region  in  said  P 
GaAs  layer  and  concurrently  transform  the  N  AI- 
GaAs  and  N  +  GaAs  layers  thereof  into  the  emitter 
of  said  heterojunction  bipolar  transistor  and  said 
insulator  and  poiysiiicon  layers  thereof  into  an  emit- 
ter  mask  provided  with  an  overhang; 
forming  by  P  implantation  the  extrinsic  base  in  said 

desired  base  region; 
covering  said  extrinsic  base  with  polyimide  sub- 
stantially  to  the  level  of  said  poiysiiicon  obtaining 
substantially  vertical  walls  thereof; 

5  removing  said  surrounding  first  resist  material; 
forming  isolation  regions  in  said  N  GaAs  and  P 
GaAs  layers,  self-aligned  to  the  edges  of  said 
olyimide  and  remnant  of  said  stack; 
depositing  self-aligned  base  contact  metal  on  said 

ro  extrinsic  base  and  a  portion  of  said  isolation  region 
around  said  extrinsic  base  while  laterally  spacing 
said  metal  at  a  distance  from  said  emitter  by  virtue 
of  said  overhang; 
depositing  a  conformal  layer  of  an  insulating  ma- 

rs  terial,  applying  a  planarizing  plastic  over  said  in- 
sulating  material,  etching  said  planarizing  plastic 
and  insulating  material  to  the  level  of  said  emitter; 
establishing  metal  contrast  to  said  emitter  and  col- 
lector  through  deposition  of  a  metal;  and 

20  applying  global  wiring  members  for  each  of  said 
emitter,  base  and  collector. 

16.  The  method  of  claim  15  wherein  said  con- 
formal  layer  of  insulating  material  is  silicon  nitride. 

17.  The  method  of  claim  16  including  in  said 
25  metal  contact  establishing  step  the  step  of  forming 

via  holes  for  said  collector  and  said  base. 
18.  The  method  of  claim  17  wherein  said  first 

resist  material  is  silicon  oxide. 
19.  The  method  of  claim  18  wherein  the  metal 

30  in  said  metal  contact  establishing  step  is  AuGeNi. 
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